Introduction Recent studies show that antibiotic therapy is safe and feasible for CT-confirmed uncomplicated acute appendicitis. Spontaneous resolution of acute appendicitis has already been observed over a hundred years ago. In CT-confirmed uncomplicated acute diverticulitis (left-sided appendicitis), studies have shown no benefit from antibiotics compared with symptomatic treatment, but this shift from antibiotics to symptomatic treatment has not yet been widely implemented in clinical practice. Recently, symptomatic treatment of uncomplicated acute appendicitis has been demonstrated in a Korean open-label study. However, a double-blinded placebo-controlled study to illustrate the role of antibiotics and spontaneous resolution of uncomplicated acute appendicitis is still lacking. Methods and analysis The APPAC III (APPendicitis ACuta III) trial is a multicentre, double-blind, placebo-controlled, superiority randomised study comparing antibiotic therapy with placebo in the treatment CT scan-confirmed uncomplicated acute appendicitis aiming to evaluate the role of antibiotics in the resolution of uncomplicated acute appendicitis. Adult patients (18-60 years) with CT scanconfirmed uncomplicated acute appendicitis (the absence of appendicolith, abscess, perforation and tumour) will be enrolled in five Finnish university hospitals. Primary endpoint is success of the randomised treatment, defined as resolution of acute appendicitis resulting in discharge from the hospital without surgical intervention within 10 days after initiating randomised treatment (treatment efficacy). Secondary endpoints include postintervention complications, recurrent symptoms after treatment up to 1 year, late recurrence of acute appendicitis after 1 year, duration of hospital stay, sick leave, treatment costs and quality of life. A decrease of 15 percentage points in success rate is considered clinically important difference. The superiority of antibiotic treatment compared with placebo will be analysed using Fisher's one-sided test and CI will be calculated for proportion difference. Ethics and dissemination This protocol has been approved by the Ethics Committee of Turku University Hospital and the Finnish Medicines Agency (FIMEA). The findings will be disseminated in peer-reviewed academic journals. trial registration number NCT03234296; Pre-results.
IntroduCtIon
Appendectomy has been the standard treatment for acute appendicitis for over a century. 1 More than 300 000 appendectomies strengths and limitations of this study ► To our knowledge, APPAC III trial (APPendicitis ACuta III) is the first double-blinded placebo-controlled trial comparing antibiotic therapy with placebo to evaluate the role of antibiotic therapy in the treatment of uncomplicated acute appendicitis and also assess possible spontaneous resolution of uncomplicated acute appendicitis. ► The double-blinding with placebo as the other treatment arm helps both to minimise bias associated with outcome evaluation and to further evaluate possible symptomatic care of uncomplicated acute appendicitis. ► Multicentre original study with thorough recording of data on all evaluated patients in order to help understand possible selection bias. ► Implementing abdominal contrast-enhanced CT imaging with a radiation dose optimised protocol followed by a radiological diagnosis prior to enrolment in all adult patients with suspected acute appendicitis. ► Based on the combination of required hospital pharmacy resources enabling accurate treatment blinding, the emergency surgery setting and the senior surgeon recruitment, the time frame for patient enrolment is restricted to main office hours anticipated to limit and slow down the patient enrolment.
Open access are performed annually in the USA. 2 Although appendectomy is generally well tolerated, it is a major surgical intervention and can be associated with postoperative morbidity. [3] [4] [5] Since Fitz 6 described the relationship between the appendix and pelvic abscess and McBurney 7 demonstrated reduced morbidity from pelvic infections attributable to appendectomy, it has been thought that acute appendicitis invariably progresses to perforation. Emergency appendectomy was first advocated because of the high mortality related to perforated appendicitis, especially in the preantibiotic era, combined with the assumption of the natural course of acute appendicitis always evolving to perforated disease. However, already in 1886 Fitz reported that one-third of patients in a large autopsy series from the pre-appendectomy era had evidence of prior appendiceal inflammation suggesting spontaneous resolution of acute appendicitis. 6 Large epidemiological studies have shown that complicated or perforated and uncomplicated or non-perforated appendicitis have followed different epidemiological trends suggesting different pathophysiology for the two forms. 2 In recent years, the treatment of acute appendicitis has been under active debate and discourse as increasing amount of evidence has shown that the majority of patients with uncomplicated acute appendicitis may be treated with antibiotics alone instead of surgery. [8] [9] [10] [11] [12] [13] [14] The original APPAC (APPendicitis ACuta) trial reported that 73% of patients with CT-confirmed uncomplicated acute appendicitis did not receive appendectomy during a 1-year follow-up period, and those patients who had appendectomy did not experience major complications. 8 These results suggested that CT-proven uncomplicated acute appendicitis is not a surgical emergency and antibiotic therapy is a safe first-line treatment of uncomplicated acute appendicitis, which has since been endorsed in recent meta-analyses. [14] [15] [16] Acute appendicitis is clinically very similar to acute diverticulitis (left-sided appendicitis), and this resemblance has been shown also in epidemiological studies suggesting a common underlying pathogenesis. 2 The treatment of CT scan-confirmed uncomplicated acute diverticulitis has experienced a shift from antibiotic treatment towards spontaneous resolution. There is one randomised trial, 17 18 one population-based study, 19 one case-control study 20 and two prospective observational studies 21 22 that have shown no benefit of antibiotic therapy in uncomplicated acute diverticulitis. The reported complication rates in these studies are low (approximately 2%) and even outpatient management without antibiotics in uncomplicated acute diverticulitis has been shown to be feasible, well functioning and safe. 21 22 Similarly, uncomplicated acute appendicitis may not require surgical intervention, and it might even experience spontaneous resolution. 2 Recently, Park et al 23 reported promising results regarding possible spontaneous resolution in uncomplicated acute appendicitis, but their study was single-blind (participants only), not double-blind. A double-blinded design is imperative in studying the possible spontaneous resolution of uncomplicated acute appendicitis to minimise bias by both reducing the potential for a treatment effect in patients and the risk of the researchers reporting greater effects in the treatment group or lesser effects in the placebo control group.
The diagnosis of acute appendicitis remains challenging even though it is the most common reason for surgical emergency room visits. Traditionally, the diagnosis has been based on patient history, clinical suspicion and laboratory findings, but the accuracy of clinical diagnosis in acute appendicitis without preoperative imaging is not optimal for combined patient groups of men and women. 24 Further, clinical findings or laboratory markers do not provide a reliable enough method to establish the clinically relevant differential diagnosis between uncomplicated and complicated acute appendicitis without CT imaging. 25 With promising results of conservative treatment of uncomplicated acute appendicitis with antibiotics, the correct differential diagnosis between the two different forms of acute appendicitis is crucial. 8 15 CT imaging has become the gold standard for appendicitis imaging due to its superiority in diagnosing acute appendicitis and currently also its ability to differentiate between uncomplicated and complicated acute appendicitis. 26 27 The advantages of CT imaging are high accuracy, availability, ease of performance and interpretation, and that it is rarely affected by bowel gas, severe abdominal pain or extreme body habitus. 28 29 The increased use of preoperative CT imaging is also cost-efficient through increased diagnostic accuracy and the avoidance of unnecessary appendectomies. [30] [31] [32] The inevitable disadvantage of CT imaging is exposure to ionising radiation and as the majority of patients with acute appendicitis are young adults, the imminent need to decrease radiation dose has been approached through developing low-dose CT protocols. 33 Despite a recent meta-analysis 34 showing equal accuracy of low-dose and standard CT in diagnosing acute appendicitis, low-dose CT protocols have yet to be thoroughly implemented in clinical practice.
Our study group conducted a prospective interpatient randomised observational study (the OPTICAP trial, NCT02533869), in which the same patient with suspected acute appendicitis underwent protocol sequence randomised consecutive imaging with both optimised standard and low-dose CT protocols with intravenous contrast media. The primary objective of the OPTICAP trial was to optimise and evaluate the feasibility of a low-dose CT protocol in diagnosing acute appendicitis in the clinical phase of the study; the protocols were first evaluated in the phantom model in 'in vitro' phase of the OPTICAP trial, 35 based on which a body mass index (BMI) of <30 kg/m 2 was set as a limit for low-dose CT imaging as we demonstrated additional noise to the CT caused by the adipose tissue in BMI exceeding 30 kg/m 2 potentially affecting the readability of the images. The
Open access most optimal low-dose and standard CT imaging protocols based on the OPTICAP trial were implemented in all APPAC III trial hospitals to be used for the enrolment in the current APPAC III trial and the diagnostic accuracy of contrast enhanced low-dose CT was not inferior to standard CT in diagnosing acute appendicitis or distinguishing between uncomplicated and complicated acute appendicitis in patients with high likelihood of acute appendicitis. Low-dose CT also enabled significantly reduced radiation dose. 36 To our knowledge, so far there are no double-blinded randomised controlled trials (RCTs) comparing placebo with antibiotic therapy in the treatment of uncomplicated acute appendicitis. The APPAC III trial aims to assess the role of antibiotic therapy in the resolution of CT-confirmed uncomplicated acute appendicitis and the spontaneous resolution of uncomplicated acute appendicitis. In the APPAC III trial, we aim to evaluate intravenous followed by per oral antibiotic therapy versus intravenous followed by per oral placebo in terms of treatment efficacy, postintervention complications, length of hospital stay, treatment costs and appendicitis recurrence.
MEthods And dEsIgn study design
The APPAC III trial is a randomised double-blinded, placebo-controlled, superiority multicentre trial comparing antibiotic therapy with placebo in the treatment of CT-confirmed uncomplicated acute appendicitis. The protocol was drafted in accordance with the SPIRIT (Standard Protocol Items: recommendations for Interventional Trials) statement. 37 The trial has been registered at ClinicalTrials. gov prior to study patient enrolment. All patients participating in the study will give written consent obtained by the researchers. The study flow is illustrated in figure 1 .
The aim of the study is to compare antibiotic therapy with placebo in the treatment of uncomplicated acute appendicitis to evaluate the role of antibiotic therapy in appendicitis resolution. The study hypothesis is that antibiotic therapy is necessary in the treatment of uncomplicated acute appendicitis and that antibiotic therapy is superior to supportive care without antibiotics with the primary endpoint evaluated at 10 days after the intervention.
Patient selection and diagnostic procedures Eligible for inclusion are adult patients 18-60 years old of both sexes admitted to the emergency department of one of the participating hospitals with suspected acute appendicitis in whom a CT-confirmed uncomplicated acute appendicitis is diagnosed. All adult patients with a clinical suspicion of acute appendicitis will be studied carefully by attending surgeons at the emergency departments of the participating hospitals. Clinical history, physical investigation and laboratory tests (blood haemoglobin, white cell count, C reactive protein (CRP), creatinine, urine analysis and in female patients also human chorionic gonadotropin) are evaluated. Prior to pain medication administration, pain scores using Visual Analogue Scale (VAS) will be recorded. If clinical history and physical examination suggest acute appendicitis, the patient will undergo CT imaging with either an optimised low-dose 100 kV 35 (BMI <30 kg/m 2 ) or a standard 120 kV (BMI >30 kg/m 2 ) contrast-enhanced CT. Alternatively, a corresponding low-dose protocol with automated tube voltage (kV) selection is used in all sized patients if the technique is available in the study hospitals.
Inclusion criteria
The inclusion criteria are: (1) age 18-60 years, (2) diagnosis of uncomplicated acute appendicitis confirmed by CT scan defined by the following criteria: appendiceal diameter exceeding 6 mm with thickened and enhancing wall and periappendiceal oedema and/or minor fluid collection, and the absence of the criteria of complicated appendicitis (see Exclusion criteria section). The CT findings will be evaluated using a standardised CT scan report sheet (box 1).
Exclusion criteria
The exclusion criteria are the following: (1) age under 18 or over 60 years, (2) pregnancy or lactation, (3) allergy to contrast media or iodine, (4) allergy or contraindication to antibiotic therapy, (5) administration of antibiotics prior to enrolment, (6) renal insufficiency or serum creatinine value exceeding the upper reference limit, (7) type 2 diabetes mellitus and metformin medication, (8) severe systemic illness (eg, malignancy, severe sepsis, medical condition requiring immunosuppressant medication), (9) inability to cooperate and give informed consent and (10) complicated acute appendicitis in the CT scan. A radiological diagnosis of complicated acute appendicitis is defined as typical findings of appendicitis with at least one of the following: appendicolith, periappendiceal abscess, perforation (free air or finding of diffuse peritonitis) or suspicion of an appendiceal tumour (box 1). We have reported high inter-rater agreement of differential diagnosis between uncomplicated and complicated acute appendicitis using these criteria in our OPTICAP trial. Contraindications for the use of antibiotics include either allergy to the antibiotic regimen, auxiliary substance of the drug or interaction with other medications of the patient. In the case of quinolones, epilepsy and previously diagnosed tendinitis or tendon rupture related to quinolone treatment are contraindications. Other overall contraindications to antibiotic treatment in general including pregnancy or lactation and age under 18 years do not apply as these patients will not be evaluated for study enrolment based on general exclusion criteria.
Excluded patients
In order to both understand any selection bias and to enable a thorough recording of the patient population with suspected acute appendicitis, all patients undergoing Open access a CT for suspected acute appendicitis will be recorded in the study online database containing information about their demographics, symptoms, clinical findings, laboratory values and CT findings. All patients will be informed about data collection and they will sign an informed consent for this data collection. Clinical history, physical investigation, VAS pain score and laboratory tests will be recorded in the study online database.
randomisation
Patients are randomised with a 1:1 equal allocation ratio to antibiotic therapy or placebo. Randomisation will be made by a safety statistician of the trial by centre using random permuted blocks. The randomisation and the used randomisation blocks will be blinded to the investigators. The randomisation listing will be made available only to the safety statistician and the hospital pharmacies based on patient numbers. After written informed consent, randomisation of the patient will be performed using the online database by the senior research surgeons in each participating hospital. The pharmacists will conceal the allocated treatment by labelling the study drugs in exactly similar containers identifiable only by the patient identification numbers. The randomised treatment will be initiated in the acute care surgery ward. To ensure patient safety regarding the possible emergency opening of the double-blinded code, sealed randomisation lists for each Open access hospital are available at each hospital and are opened only in cases of emergency, that is, suspected allergic reaction to treatment intervention.
The allocated randomisation time frame for the APPAC III trial varies slightly between the hospitals due to local differences in the hospital research pharmacy resources, but in general the randomisation is possible during regular working hours from Monday to Thursday. We have another concurrently ongoing national openlabel randomised trial (APPAC II) comparing per oral monotherapy versus combination of intravenous antibiotic followed by per oral antibiotic therapy aiming to optimise the antibiotic treatment of CT scan-confirmed uncomplicated acute appendicitis. This APPAC II trial is also run by our study group and outside hospital pharmacy hours, patients are recruited to participate in the APPAC II trial. During study hospital pharmacy working hours all eligible patients are informed of both ongoing trials, but they are first asked to participate in the APPAC III trial. In case they decline to participate in the APPAC III trial, they also have the possibility of participating in the APPAC II trial in four out of the five APPAC III study hospitals (Helsinki University Hospital is not taking part in the APPAC II trial). The trial selection is based only on the hospital working hours and thus possible selection bias caused by the concurrent trials is highly unlikely.
blinding After enrolment, the patient is randomised by the research surgeon using the online database and receives a randomisation number. The research surgeon informs the hospital pharmacy of this patient number by phone initiating the drug manufacturing using the randomisation list available only at the hospital pharmacy. The manufacturing of the drugs starts with the first intravenous dose and at the same time the manufacturing of the oral antibiotics or placebo is initiated. The hospital pharmacy manufactures the antibiotic and placebo treatments to appear exactly identical. The intravenous solutions in similar intravenous bags and labels are delivered to the surgical ward, where they are administered to the patient according to the predefined administration schedule and the administration time (ie, door-to-needle time) is recorded. The intravenous antibiotic is ertapenem sodium 1 g per dose and the placebo consists of 0.9% saline solution. The oral capsules have similar identical appearance and labelling using only the patient randomisation number.
The coloured capsules consist of gelatine and are identical in appearance, and do not have specific smell or taste also eliminating the distinct metallic taste of metronidazole. Medicinal substances are ground and the powder is placed into the capsules. The coloured capsules were chosen due to levofloxacin tablets having red spots and using a coloured capsule eliminates the possibility of detecting differences of the powdered substances through the capsules. Hospital pharmacy manufactures a total of four levofloxacin capsules using four tablets of 500 mg levofloxacin and 1.22 g microcrystal cellulose, and four corresponding placebo capsules using 3.14 g of microcrystal cellulose. Twelve metronidazole capsules are manufactured from 12 500 mg metronidazole tablets and 3.22 g of microcrystal cellulose. Corresponding number of placebo capsules are manufactured from 8.16 g of microcrystal cellulose. Patients receive two similar plastic medicine bottles with labels and dose directions of administration on discharge; one bottle contains levofloxacin or placebo and the other metronidazole or placebo. The study drugs will be administered by nurses at the acute care surgery ward and they will not be handled by the study physicians, who assess the eligibility of the patients, obtain consent, enrol patients, care for patients during the study, collect data and assess outcomes.
In order to ensure the hospital pharmacy drug manufacturing and adequate blinding in real-life clinical practice, we conducted a pilot study between May 2017 and July 2017 enrolling five pilot patients at two research hospital (Turku and Kuopio). No changes were made to the study protocol interventions or the hospital pharmacy arrangements based on this pilot study. After completion of the pilot study ensuring the feasibility of the drug manufacturing process and study flow in July 2017, the actual APPAC III trial enrolment was initiated in September 2017. 
2 test for two proportions. Sample size was calculated from an estimated success rate of 94% during the hospitalisation in antibiotic group. 8 A power of 0.8 (1β) and one-sided significance level (α) of 0.05 were used in calculations. Based on the pilot study enrolment speed and the previously recognised challenges in conducting the trial in real-life emergency setting, we need to take into account the anticipated enrolment delays to assure the completion of this trial within reasonable time. These challenges consisting of emergency surgery patient enrolment dependent on hospital research pharmacy services available only during standard working hours, the requirement for senior surgeon enrolment and the discrepancy between the admission hours of patients with appendicitis and hospital pharmacy working hours, mandated us to create three different scenarios for study power analysis and the number of patients to be enrolled.
In scenario A, a decrease of 15 percentage points in success rate is considered clinically important difference leading to estimated 79% success rate in placebo group. This 15-percentage point difference in rescue appendectomy rate was determined arbitrarily based on clinical relevance as at the time of study planning and initiation, no information about the symptomatic treatment success of uncomplicated acute appendicitis was available. We calculated that to detect a 15-percentage points difference (antibiotics-placebo) between groups, 64 patients per group is needed. With an estimated dropout rate of 10% total of 142 patients, 71 patients per group will be enrolled in the study. In scenario B, clinically important difference is 20 percentage points, estimated success rate in placebo group is 74% and to detect this difference 41 patients per group is needed. With an estimated dropout rate of 10% total of 92 patients, 46 patients per group will be enrolled in the study. In scenario C, clinically important difference is 25 percentage points, estimated success rate in placebo group is 69% and to detect this difference 29 patients per group is needed. With an estimated dropout rate of 10% total of 64 patients, 32 patients per group will be enrolled in the study. Targeted minimum sample size per study hospital will be 10 patients. One-sided test will be used as our hypothesis is that antibiotic treatment is more effective treatment than placebo. Sample size calculations were performed using Power procedure in SAS System for Windows, V.9.4.
On 1 June 2019, a study committee consisting of the outside safety monitoring committee and the core research group will assess which one of these scenarios will be chosen based on patient enrolment with plan A being the target scenario. Active recruitment at this point will be continued until a decision is made on the clinically realistic enrolment scenario. The date of evaluation is set approximately 1 year after the last study hospital has initiated enrolment. If the patient enrolment on 1 June 2019 has reached the patient number in scenario B (92 patients), the recruitment will continue until original
but scenario C patient number (64 patients) has been recruited, the scenario B with 92 patients will be the new target scenario. If the patient enrolment has not reached scenario C on 1 June 2019, the new target scenario will be C with 64 patients.
study setting and feasibility
Eligible patients are recruited from all five Finnish university hospitals (Turku, Oulu, Helsinki, Tampere and Kuopio). Trial participation is restricted to the university hospitals based on essential hospital pharmacy resources. The pilot phase of the study began at the Turku and Kuopio University Hospitals in April 2017, with the study officially commencing actual patient enrolment at these two hospitals in September 2017. Required hospital pharmacy arrangements were finalised at all study hospitals in March 2018 with initiation of patient enrolment in all five hospitals during April 2018.
Interventions
To ensure patient safety in the placebo group, all patients will be monitored in the hospital for the duration of the intravenous treatment, that is, for three intravenous infusions (approximately 3 days).
Antibiotic therapy group
Antibiotic regimen is identical to the previously published APPAC trial as the study needed antibiotic therapy with proven efficacy in order to compare an efficient therapy with placebo. APPAC III trial patients randomised to the antibiotic therapy group will receive intravenous ertapenem sodium 1 g administered for 3 days with the first dose given in the acute care surgery ward. Intravenous ertapenem will be followed by per oral levofloxacin 500 mg administered once daily and per oral metronidazole 500 mg administered three times per day for 4 days resulting in a total treatment duration of 1 week. Antibiotic therapy has been shortened from the original APPAC trial, in which the antibiotic treatment duration was 10 days with 1 week of per oral antibiotics.
Placebo group
For patients randomised to the placebo group, intravenous and per oral placebo will be administered according to an exactly identical protocol with the antibiotic therapy group.
Follow-up during hospitalisation
During hospitalisation the following parameters will be recorded every 24 hours: VAS or changes in VAS, leucocyte count, CRP, temperature and clinical findings at patient reassessment. The researcher surgeon will reassess the patient twice daily and this will allow for us to evaluate the clinical response on a daily basis. Pain medication is prescribed according to standard hospital protocol. Pain management is multimodal including parenteral or oral NSAID and paracetamol with opiates being administered, Open access but only if necessary and no routine pain management is scheduled. On admittance to the ward, patients will initially be kept from eating and drinking until the first status control conducted at 12-24 hours after admittance to the hospital. If the clinical condition is the same or improved, patients are allowed to eat and drink. In case of worsened clinical condition, the patients will be kept from eating and drinking until the next reassessment. If the patient is suspected of not responding to the administered therapy based on clinical deterioration signs combined with laboratory findings (signs of peritonitis, persisting fever, increasing level of pain, rising white cell count or CRP), the patient will be operated based on the surgeon's decision and the reasons for proceeding to laparoscopic appendectomy will be recorded in the database. The approach of direct appendectomy in cases of suspected non-responsiveness to randomised treatment was chosen to ensure patient safety as the results of symptomatic treatment of uncomplicated acute appendicitis are scarce and there are no previous double-blind trials addressing symptomatic treatment. To minimise bias associated to the double-blinded study setting with the possibility of placebo treatment potentially lowering the threshold of appendectomy within the surgeons on call, the patients are evaluated mainly by the study senior surgeons with both vast clinical experience and thorough knowledge of the previous APPAC trial and the current APPAC III trial protocol. These research surgeons monitor the patient and make the decision to convert to operative treatment if necessary; they must record their rationale for this decision in the database. The operative findings and the histopathology of the appendix will be also recorded in the database.
After the initial hospitalisation, recurrent acute appendicitis will be diagnosed on a clinical basis and all patients with a clinically evident suspicion of appendicitis recurrence will undergo a laparoscopic appendectomy without further imaging. Patients with atypical or vague symptoms undergo regular clinical evaluation including possible imaging based on the assessment of the surgeon on call. The operative findings and the histopathology of the appendix will be recorded in the database.
outCoME PArAMEtErs And stAtIstICAl AnAlysIs Primary outcome
The primary endpoint of the APPAC III trial is the success of the randomised treatment (treatment efficacy). Treatment success is defined as the resolution of acute appendicitis with study treatment resulting in discharge from the hospital without receiving appendectomy and treatment efficacy will be evaluated at 10 days after initiation of the randomised treatment.
secondary outcomes Secondary endpoints include postintervention complications (possible postoperative complications classified according to the Clavien-Dindo classification 38 ), recurrent appendicitis defined as clear clinical suspicion of acute appendicitis evaluated at follow-up after 10 days up to 1 year, late recurrence of acute appendicitis after 1 year, duration of hospital stay, VAS scores, length of sick leave, treatment costs and quality of life (QOL using either 5D or 15D validated QOL questionnaire).
data collection
Data collection from all patients presenting with suspected acute appendicitis in the emergency room includes: tympanic temperature, nausea and its duration, pain in the right lower quadrant of the abdomen and its duration, pain migration, presence of tenderness in the right lower quadrant and the VAS score. Additionally, CT scan results and laboratory test results will be recorded. The prospectively collected data in the emergency room allows for retrospective assessment of various appendicitis scoring systems including clinical and radiological parameters. This information will be evaluated retrospectively and used to indicate that the patients recruited to both APPAC II and III trials are similar in terms of demographics and appendicitis severity. Daily follow-up data of study patients with acute appendicitis during hospitalisation will include status findings, VAS score, tympanic temperature as well as white cell count and CRP measurements. At discharge, the length of hospital stay, VAS score, profession, length of sick leave and possible prescribed analgesics are recorded. If the patient undergoes appendectomy, operative details including operation duration, approach and operative findings will be recorded. Possible wound infection and associated postoperative antibiotic therapy will be evaluated and recorded on discharge.
The follow-up after discharge for patients in the APPAC III trial will include laboratory tests (leucocyte count, CRP) at 2-4 and/or 10 days after discharge and also a phone call at 2 to 4 days depending on the day of their discharge from the hospital. All of the patients will also be evaluated at 10 days after the discharge by phone call. The follow-up will include a contact by phone at 2 months, and at 1, 3, 5 and 10 years. Data collected during the follow-up include possible side effects of the treatment given including also possible appendectomy, the possible recurrence of appendicitis and the timing of the recurrence with operative findings and histopathology of the removed appendix, VAS score at control time point, additional sick leave and evaluation of abdominal symptoms. The long-term follow-up with phone interviews allows us to monitor the patients regarding possible abdominal symptoms and patients are referred to further examinations according to standard care. The patients are also instructed to contact the researchers in case of abdominal symptoms mainly in the lower-right quadrant between the standard follow-up time points. The risk of missed appendiceal malignancy is very low especially in uncomplicated acute appendicitis and the inclusion criterion of CT scan diagnosis of uncomplicated acute appendicitis adds to patient safety in this respect.
Open access statistical hypothesis
The primary objective of the study is to compare the success of treatment between antibiotic therapy and placebo group within 10 days after initiation of the randomised treatment. Superiority of antibiotic group versus placebo group will be tested using following statistical hypothesis:
H 0 : p 1 = p 2 H 1 : p 1 > p 2 where p 1 is success of treatment proportion of antibiotic group and p 2 for placebo group.
Safety monitoring and interim analysis
For the safety of the patients in the placebo treatment group, an interim analysis will be conducted after 46 patients are enrolled to study and followed for 10 days. The interim analysis will be performed only once during the trial regardless of the three different scenarios and sample size estimates as the selection of the scenarios is based only on the number of enrolled patients. For the interim analyses, a safety statistician with independent trial safety monitoring committee will open the treatment code and calculate the point estimate of the proportion in each group. If the proportion in at least one of the groups is below 50%, the study will be terminated. The safety statistician and the independent committee members will be the only ones who know the exact proportions. The investigators and the study statistician will only be informed of the continuation or the termination of the study. No statistical tests will be conducted in interim analysis and therefore no corrections to the p-values are needed in the final analyses of study. In addition to the interim analysis, the safety monitoring committee may be asked to meet ad hoc, if evaluated necessary by the researchers. In the case of a participating patient progressing to severe sepsis or a mortality, the study will be stopped and the independent trial safety monitoring committee will review the case and unblind the treatment assignment to determine if it occurred in a patient not receiving antibiotics. The committee will then consider relatedness to the study and if the study should be permanently terminated.
statistical analyses
Categorical variables of the study will be characterised by treatment using frequencies and percentages and for continuous variables means and SD or medians with range and 25th and 75th percentiles will be used. Difference in treatment success between antibiotic and placebo group will be tested using Fisher's one-sided test. The two-sided 90% CI for proportion difference will be calculated as well to estimate the treatment difference. The secondary outcomes will be analysed using χ 2 test, independent samples t-test or Mann-Whitney U test. The assumptions of tests will be checked for justification of the analyses. For the secondary outcomes, two-sided p-values will be used. The study site differences will be evaluated in statistical models and if major differences are detected more complicated statistical models will be used in the analyses of primary and secondary outcomes. P-values less than 0.05 will be considered statistically significant. The main analyses will be based on the intention-to-treat (ITT) principle (all randomised excluding possible erroneously randomised such as patients with CT diagnosis of complicated appendicitis). The subjects with missing data will automatically be excluded from the analyses of the variables in concern. Statistical analyses will be performed using SAS System for Windows, V.9.4 or later.
PAtIEnts And PublIC InvolvEMEnt
The development of the research question and outcome measures were based on the results of our original APPAC trial 8 focusing on the patient-centred outcome of future patients gaining major benefit from the possibility of avoiding unnecessary antibiotics and unnecessary hospitalisation. In addition to the patient benefit, the research question and endpoints could have a similar impact regarding both hospital resource use of decreasing hospitalisation days and operative theatre resources and also major cost savings in a wider economic societal aspect. Patients were not directly involved in the design of this study and the burden of the intervention was not assessed by patients themselves. On recruitment, patients are thoroughly informed of the current knowledge regarding antibiotics in the treatment of CT scan-confirmed uncomplicated acute appendicitis including treatment success, possible late recurrence and safety in order to help patients make an informed decision about trial participation. Additionally, we did conduct a pilot phase study with five patients prior to actual study initiation to ensure smooth enrolment, randomisation and hospital pharmacy study medication process. After completion of data collection and data check after primary endpoint evaluation time point, the randomisation code will be accessed and all patients will be informed of their treatment arm and the study results by mail. The patients will be provided with an opportunity to ask further questions.
EthICs And dIssEMInAtIon data collection and confidentiality
Researchers have created the online database together with BCB Medical (Turku, Finland), where all patients evaluated for acute appendicitis and study enrolment will be recorded after signed informed consent is obtained. All data are handled confidentially and the information in the datasets in the analyses is non-identifiable. Data are gathered during emergency room visit, hospitalisation for acute appendicitis, clinical observations and follow-up phone calls. The information recorded from the non-participating patients is used as register-based study data. The primary investigator will be in charge of the common data base with full access to the data and otherwise the access to the data is limited. The researchers need full access to the data in order to be able to correct possible false data entries, to enter missing data and to be able to Open access keep up with the number of enrolled patients. The online database will not be used for other purposes during the trial and all of the visits to the database will be recorded in the database log.
Ethics
This protocol has been accepted by the Ethical Committee of the Hospital District of Southwest Finland at Turku University Hospital and Finnish Medicines Agency (FIMEA). The trial will be conducted in compliance with the Declaration of Helsinki.
Withdrawal
Patients are informed of their right to withdraw from the study without explanation at any time. In case of patient withdrawal, they will be asked for permission for prospective collection and later use of their hospital record data after their withdrawal.
dissemination plan
The results of this trial will be disseminated by publication in international peer-reviewed scientific journals and by presentations at international and/or domestic conferences. If the trial results warrant changes in the standard treatment of uncomplicated acute appendicitis, the widespread execution of the trial throughout Finland will assist in its implementation.
dIsCussIon
The treatment of uncomplicated acute appendicitis is under active research with non-operative management proving safe 8 14-16 39 and cost-efficient. 32 Uncomplicated acute appendicitis is quite similar to uncomplicated acute diverticulitis, where recent studies have demonstrated no benefit of antibiotics compared with symptomatic treatment alone. [17] [18] [19] [20] [21] [22] Similar spontaneous resolution with symptomatic treatment has also been indicated in uncomplicated acute appendicitis 23 and the time has come to a double-blinded evaluation of the role of antibiotics and spontaneous resolution in the treatment of uncomplicated acute appendicitis. To our knowledge, the APPAC III trial is the first study to evaluate spontaneous resolution of uncomplicated acute appendicitis in a double-blinded RCT. The depiction of spontaneous resolution is of vital clinical importance in evaluating the optimal treatment for uncomplicated acute appendicitis. If antibiotic therapy does not provide any benefit over placebo in uncomplicated acute appendicitis, this could have a profound impact on the treatment of this very common surgical emergency, especially in this era of ever-increasing antimicrobial resistance.
strengths and limitations of the study This trial only includes patients with CT-confirmed uncomplicated acute appendicitis, thus reducing the risk of including patients with complicated acute appendicitis, other diagnoses or a non-inflamed appendix. When selecting patients for possible non-operative treatment with either antibiotics or even placebo, the accurate differential diagnosis between uncomplicated and complicated forms of acute appendicitis is of vital clinical importance and diagnostic imaging with a high sensitivity in detecting patients with complicated acute appendicitis is needed. A recent meta-analysis 40 stated 10 specific CT imaging features most informative for complicated appendicitis and all these CT findings are used as criteria for complicated appendicitis in the APPAC III study. This gold standard CT diagnostics enhances the chance of successful non-operative management. We feel that the use of CT imaging as a means to obtain accurate radiological diagnosis of uncomplicated acute appendicitis is of vital importance especially in this experimental placebo setting, but also in current clinical practice especially regarding the low-dose CT possibilities. Risk stratification scores, although useful in many settings, are not as comparable and accurate in diagnosing acute appendicitis. Additionally, the scoring systems are generally not capable in differential diagnosis between uncomplicated and complicated acute appendicitis, which is crucial in assessing the possibility of non-operative treatment.
The used CT protocols (low dose or standard) are thoroughly recorded and the radiologist use a standardised CT scan report sheet (box 1) in order to facilitate standardisation of the diagnostic imaging, which has been shown to result in high reproducibility of objective CT findings achieving high diagnostic accuracy in an at-risk population. 41 This standardised recording enables thorough assessment of the accuracy of diagnostic CT imaging (low dose and/vs standard) used in this study, as well as the retrospective analysis of the accuracy of the existing scoring systems with clinical and laboratory findings used for diagnosing acute appendicitis. In our APPAC study, cost-effectiveness results comparing antibiotics or appendectomy, the imaging costs were a minor portion of the total costs of either treatment 32 and the use of CT scan has been shown to markedly reduce the treatment costs by avoiding unnecessary negative appendectomies.
To further guarantee patient safety, this protocol dictates systematic and frequent evaluation of the trial patients by clinical assessment and laboratory tests increasing the likelihood of early identification of the patients not responding to the double-blinded treatment. The patients are closely monitored at the hospital for the whole 3-day duration of the intravenous treatment by the research group senior surgeons, who decide on possible approach of direct appendectomy in cases of suspected non-responsiveness further improving patient safety. A follow-up phone call is scheduled for 2 to 4 days and 10 days after discharge to ensure patient safety and evaluation of treatment success. Additionally, predefined interim analysis by an outside safety monitoring committee will be performed further assuring patient safety.
In addition to the undisputed advantages in differential diagnostics between uncomplicated and complicated acute appendicitis, routine CT imaging in the diagnosis of acute appendicitis is also known to reduce the rate Open access of negative appendectomies, 42 surgical complications and treatment costs. 31 There is accumulating evidence showing that low-dose CT protocols are as accurate as the standard protocols in diagnosing acute appendicitis, 27 34 thereby offering means to reduce the amount of ionising radiation resulting from the diagnostic CT imaging of acute appendicitis. However, we decided to use standard protocol for obese patients in the APPAC III trial, since the OPTICAP phantom trial 35 conducted by the study group endorsed the view shared by Poletti et al 43 The double-blinded setting is extremely essential in excluding potential bias on behalf of both the patient and the treating surgeon in order to provide reliable evidence against or for spontaneous resolution of uncomplicated acute appendicitis. However, double-blinded surgical trials are challenging to conduct even in an elective setting and even more so in the emergency setting especially with the major limitation of eligible enrolment time frame dependent on the hospital pharmacy working hours. In addition, according to the study ethics approval, to ensure patient safety, all patients are recruited by senior research surgeons and not the surgeon on call further adding to time schedule challenges based on researcher availability. Thirdly, the working hours of the hospital pharmacy are not in concurrence with the admission hours of patients with suspected acute appendicitis. The maintenance of hospital pharmacy resources is also a challenge to trial funding as manufacturing and delivering the study drugs is quite expensive. Based on these aforementioned challenges in this trial, we anticipate possible delays in enrolment and thus have created three scenarios for patient enrolment number and study power analysis. We acknowledge these alternate scenarios and sample size calculation to represent a limitation in this study, but the acknowledgement of these true challenges and preparing for alternate scenarios based on enrolment speed assures the completion of this trial within reasonable time schedule in a real-life emergency surgery setting. Even in the slowest enrolment scenario C with quite a high minimal clinically important difference, the treatment success rate of placebo may end up representing quite a significant treatment success rate with placebo even though it would not illustrate superiority of antibiotic therapy. However, despite this acknowledged limitation of scenario C, it could still confirm the existence of spontaneous resolution of uncomplicated acute appendicitis in the majority of patients in a doubleblinded study. This would markedly add to current knowledge and would provide an excellent basis for large open-label future trials evaluating symptomatic treatment in uncomplicated acute appendicitis.
The concurrent enrolment to two different trials (APPAC III and APPAC II) could be evaluated as a limitation potentially being a source of selection bias. However, this potential risk of bias is very minor as the only difference between enrolments in the two trials is time of day (depending on hospital pharmacy working hours) and patients are recruited to both APPAC II and III trials based on identical inclusion and exclusion criteria. Based on these identical inclusion criteria, it would be highly unlikely that less severe cases will be enrolled into this APPAC III trial. Further supporting this lack of bias is the fact that APPAC III recruitment will be performed by the senior research surgeons of the APPAC study group with vast clinical experience and awareness of the trial protocol compared with surgeons on call mostly having much less clinical experience.
The 3-day required hospitalisation in this protocol can be considered a limitation of the study as it has been shown that early hospital discharge following antibiotic treatment for uncomplicated acute appendicitis promotes return to normal function. 44 However, in this experimental trial setting, the 3-day hospitalisation was evaluated necessary in order to ensure patient safety. In addition, the duration of the antibiotic treatment is 7 days even though recent data show that after adequate source control outcomes after short duration antibiotics for intra-abdominal infections are similar to those after a longer course of antibiotics. 45 46 As there is no source control in antibiotic or symptomatic treatment of uncomplicated acute appendicitis, the duration of the antibiotic therapy was set at 1 week. The choice of antibiotic regimen was based on our previous APPAC trial, but the duration of the antibiotic treatment was already shortened from the original 10 days to 7 days in this APPAC III trial.
Choice of primary outcome and antibiotic regimen Determining the primary outcome in both study groups is very similar as the treatment interventions are very similar opposed to our previous APPAC trial 8 comparing appendectomy with antibiotic treatment. Spontaneous resolution has already been shown in uncomplicated acute diverticulitis 17 19-22 and recently also in one single-blinded study comparing antibiotic therapy and no antibiotic therapy for acute appendicitis published after planning of this double-blinded APPAC III trial, 23 but to our knowledge, no double-blinded study has been conducted so far. The antibiotic regimen used in this study has already been deemed safe and efficient in the APPAC study. 8 Effects on gut microbiota and antibiotic resistance Antimicrobial resistances (AMR) is considered an increasing problem in healthcare. The prudent use of antimicrobials is essential to prevent increasing AMR. Additionally, antimicrobials are known to decrease the diversity of the gut microbiota, richness and species variation and cause perturbation of its overall balance and even a short-term antimicrobial treatment has a longterm impact on the gut microbiota composition underlining the importance of evaluating both short-term and long-term effects of antimicrobial treatment in old and new indications. 47 Symptomatic treatment of uncomplicated acute appendicitis also carries the advantage of Open access avoiding the adverse events of antibiotics ranging from typical mild gastrointestinal symptoms to rare cases of antibiotic-related colitis. In the pilot study by Talan et al, antibiotic-treated patients experienced less pain and disability but twice as many mostly mild symptoms of diarrhoea, headache and nausea compared with the surgery group. 44 Thus, it is sensible to explore the role of symptomatic treatment without antibiotics instead of antimicrobial treatment in uncomplicated acute appendicitis in a controlled setting ensuring patient safety. Alternatively, antibiotics are generally safe and may be potentially lifesaving. Treatment targeted only to patients with CT-confirmed uncomplicated acute appendicitis and a limited treatment duration of 7 days is unlikely to be of great relative importance in the promotion of community bacterial resistance.
Patients unwilling to participate
Although recent scientific evidence proves non-operative treatment for uncomplicated acute appendicitis safe, the general understanding among most people still is that an acute appendicitis needs to be operated. This might result in patients unwilling to participate in the study. In order to understand selection bias, we designed the study protocol to include thorough recording of data on all patients evaluated for eligibility.
ConClusIon
The APPAC III trial is a randomised controlled doubleblinded multicentre study comparing antibiotic therapy with placebo in the treatment of uncomplicated acute appendicitis.
